The muscle contraction time of fish can be the good index for swimming capability to estimate the maximum swimming speed, by defining the maximum tail beating performance. The muscle contraction time of jack mackerel, Thachurus japonicus (18.0 -19.4 cm of fork length (FL), n = 15) was measured with newly developed portable systemand compared with the conventional setup with the electric stimulation pulse from generator and battery system.The muscle contraction profile was not different among each measurementeven with the different pulse pattern of electric stimulation between portable and conventional setup. The shortest recording of muscle contraction time with the portable system was 22.6 ± 2.1 ms, not different to the conventional system as 24.3 ± 1.9 ms with the generator and 24.2 ± 2.0 mswith the battery system. Time duration and the pulse pattern of the electric stimulus do not affect the muscle contraction time. The portable system can be used to measure the muscle contraction time of fish for the field experiment and onboard the fishing boat without alternating current (AC) electricity supply.
INTRODUCTION
Muscle twitch experiments have been developed for measuring the muscle contraction properties of the fish in order to estimate the maximum tail beat frequency and the maximum swimming speed (Wardle 1975) . Original setup of muscle twitch experiment was developed by Wardle (1975) ,as the experiment apparatus includedan AC electric generator for the stimulus pulse, electric stimulator and a two-channel storage oscilloscope.Further studies were conducted by using similar system to measure muscle contraction time and evaluating the maximum swimming speed of skipjack tuna (Katsuwonus pelamis) (Brill and Dizon 1979) , cod (Gadus morhua), cuckoo ray (Raja naevus) (Johnston1980), mackerel (Scomber scombrus) (He 1986 ), jack mackerel (Trachurus japonicus) (Xu1989) and walleye pollock (Theragra chalcogramma) (Arimoto1990). Contemporary study was conducted to determine the temperature effect on the muscle contraction time and the swimming performance of haddock (Melanogrammus aeglefinus)(Ozbilgin2002), sandflathead(Platycephalus bassensis) (Yanase 2007) , red mullet (Mullus berbatus) and sea bream (Diplodus annularis) (Ozbilgin 2011).The characteristic of muscle contraction profile recorded by alternating current (AC) electric stimulator was reported by Xu (1989) , Arimoto et al. (1990) , and Amornpiyakrit (2003) .
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The portable system for muscle twitch experiment was firstly developed by Wardle et al. to measure muscle contraction time of giant bluefin tuna (1989) . The main apparatus of portable system consisted of specially designed transducer, a portable battery-operated unit containing the stimulator circuit and a computer board. The portable system in the previous study by Wardle (1989) , the muscle contraction timewas directly shown as the digital data, not as the muscle contraction profile.
In order to develop the modern device with a data recorder system, the problem is the electric stimulator. The conventional setup of an electric stimulator on the portable system is generated by AC electricity supply,which is not available for the field experimentonboarding small fishing boat.As a way for resolvingthis problem, we have changed the electric stimulator with the battery system and compared the muscle contraction and electric stimulation pulse profiles between the conventional and the new portable system.
MATERIAL AND METHODS
Jack mackerel (Trachurus japonicus) (18.0-19.4 cm of fork length FL, n = 15) was used to determine the muscle contraction time using aportable and conventional system.The fish were obtained from a keeping cage in Numazu Bay, Shizuoka, Japan. Fish were kept in a rectangular fiber glass tank (200 cm long;90 cm wide; 100 cm deep), where sufficient aeration was provided. All the fish were kept for at least 10 days prior to the experiment. Details experimental fish were described in the previous paper by Riyanto et al. (2013) .
A maximum of 5 positions along the body were tested from each individual of fish. The selected position of the fish body was pierced with two needles of 7 mm distance attached to the specially designed muscle twitch transducer. A 1.5 V stimulation pulse was delivered via needles of the transducer to the muscle from two units of battery 1 sized 1.5 V connected in the parallel, for the time duration of 20-100 ms by manual switching-on and -off. The muscle responded the stimulation pulse by contracting and bending acrylic plate of the transducer, which changed the resistance of the attached strain gauge (KYOWA, Type KFWS-2N-120-C1z11L3M2R). This resistance was recorded by a portable strain data recording device (EDS-400A) powered by battery system (ESB-04A), for connecting to the computer through DCS-100A software. The elapsed time from delivery of the pulse to the peak of resistance is defined as the muscle contraction time (Wardle 1975) . The experimental apparatus setup of a portable system is shown Figure 1 .
Figure. 1 Experimental apparatus setup of portable battery system
The conventional setup with AC powered unit is shown in Fig 2. The electric pulse generator (Nihon-Kohden, SEN-2201) can set the stimulus pulse with the range of voltage amplitude as 0.1 -100 V, for the time duration 0.1-3 ms pattern. The standard protocol of stimulation pulse as 2 V, 2 ms was delivered from an electric pulse generator to the muscle via needles of the transducer, as the same setup in the previous studies by Xu (1989) , Arimoto et al. (1991) and Riyanto et al. (2013) . For confirming the amplitude effect of the stimulus pulse, 5 V pulse was also examined for the same specimen with the standard 2 V pulse. The strain forceloaded on the strain gauge was transformed to the electric resistance by a strainamplifier (KYOWA, DPM-1102) and was displayed on an oscilloscope (Iwatsu Electric, DS-5102). The strain amplifier was set at a sensitivity of 100 -1000 mV of the strain with the low/high filter at the band width of 100 Hz.
The conventional set-up with the battery system was used to confirming the validity of the battery system for generating the electric stimulus pulse to measure muscle contraction time.
Two units of the battery1 sized 1.5 V set in parallel was used for generating stimulus pulse, by connecting to the bio-amplifier and needles of the muscle transducer. The conventional set-up with the battery system is shown in Figure 3 . (Fig.5a) . However, the time duration by the portable system was longer than conventional set up, which pattern was square block pulse with sharp duration of 2 ms.
The pattern of muscle contraction time was similar between electric pulse generator ( Fig.   5a ) and battery system (Fig. 5b) . The muscle contraction time from the electric generator pulse of 24.3 ms was not different with 24.0 ms from the battery stimulation pulse even with longer duration of 76 ms, which was switch-on and -off manually. (Fig 7a) . The present study demonstrates that the muscle twitch experiment of jack mackerel can be successfully measured with the portable system showing the patterns both of the muscle contraction time and electric stimulus pulse and compared with the conventional setup. Based on the muscle contraction profile of portable system (Fig. 4) and electric generator and battery system (Fig.5) , we can understand that the muscle contraction profile was not changed between portable system and conventional setup, even with different patterns of the electric stimulus pulse. This resultis in a good agreement with previous study by Xu (1989) . The important factor to release the muscle contraction was the initial instance of an electric stimulus given, not affected by the time duration of stimulation pulse. Moreover, the differed stimulus voltage changed the muscle contraction amplitude, however not affecting the value of muscle contraction time (Figure 6 ).
The results of the muscle contraction time monitored in the present study were in agreement with the previous studies, for indicating that the contraction time tended to be longer toward the tail (Yanase 2002) . Wardle (1989) , reported that at the maximum swimming speed of 10 Hz for bluefin tuna, the opposing muscles progressively overlap their contraction toward the tail, by stiffening the body. The shortest recording of muscle contraction time near the head part can be used to estimate the maximum tail beat frequency, and hence to estimate the maximum swimming speed (Riyanto et al. 2013 ).
The pattern of muscle contraction time was not different between electrical stimulation pulse and battery system. Time duration of stimulation pulse by an electric pulse generator was sharp square block and shorter than that by the battery system. The advantageof the portable system is easy to operate for recording the muscle contraction, electric pulse profiles, and directly shownin the computer display through DCS-400A software, so that we can evaluate the data to eliminate the failure patterns according to the profile patterns.
Based on these results, we concluded that the portable system with the battery pulse stimulation can be equivalent function for measuring muscle contraction time with AC powered conventional setup, for the field experiment in order record and quantify a reliable evaluation of the muscle activity with onboard trials. Further research of technical improvement of portable system is still needed through the development of simple battery stimulator with the highly sharp sensitivity to produce the sharp stimulating pulse similar to the electric pulse generator.
